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PREFACE

This project is under the supervision of Professor Ivan I. Mueller,
Department of Geodetic Science, The Ohio State University, and it is
under the technical direction of Mr. James P. Murphy, Special Programs,
Office of Applications, NASA Headquarters, Washington, D. C. The
contract is administered by the Office of University Affairs, NASA,
Washington, D. C. 20546
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1. STATEMENT OF WORK

The statement of work for this project includes data analysis and
supporting research in connection with the following broad objectives:
(1} Provide a precise and accurate geometric description of
the earth's surface.
(2) Provide a precise and accurate mathematical description
of the earth's gravitational field.
(3) Determine time variations of the geometry of the ocean
surface, the solid earth, the gravity field, and other geo-

physical parameters.



2. ACTIVITIES RELATED TO THE NGSP
(Gramt No. NGL 36-008-093)

2.1 QSU 275 Set of Tracking Stations Coordinaies and Transformations
Parameters

The OSU 275 set of tracking station coordinates are based on the
previously published WN 14 geometric solution for 158 stations (see Dept.
of Geodetic Science Report No., 199}, to which 117 stations were added either
by direct survey connections (C) or by transformations (T).

The coordinate system in which the coordinates are presented is
oriented towards the Greenwich Mean Astronomical Meridian (u axis) and
the Conventional International Origin (w axis), both as defined by the Bureau
International de 1'Heure. The v axis forms a right-handed system with the
u and w, and with u defines the average geodetic equaior. The coordinates
of the origin with respect to the geocenter are suggested to be

u, = 17T m, vo= 183 m, w, =-1 m,

The scale in the solution is defined through SECOR observations and
weighted height constraints., Chord distances derived from C bhand radar
observations and from electronic distance measurements (geodimeter and
tellurometer) are also included as weighted constraints, but they seem to have
very little or no effect.

The standard deviations for the ''C'' and ''"T'' stations are estimated
~values. (See Table 2.1-1).

The results in respect of relationship between OSU 275 and various world

datums and global dynamic solutions are given in Tables 2.1-2 and 2.1-3 respectively.
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Table 2.4-2

RELATIONSHIPS BETWEEN VARIOUS GEODETIC SYSTEMS OR DATUMS
AND THE OSU275 SYSTEM (DATUM-0OSU275)

DATUM NAME ND. OF DUM)
STATIONS
AUSTRALIAN GFODETIC 16 156.243.8
155.040.E
FURGPEAN DATUM 1950 31 125.5%7.4
101 .543.0
NNRTH AMERICAN 1927 71 35.4%1.4
36.621.4
SOUTH AMERICAN 1969 28 71.322.6
93.821.4

IF (DATUM-GEOCENTER)IS SOUGHT ADD TO THE TABULATED VALUES OF DU, DV, DW, THE

DVIiM)

58.8+3.8
59.9+0.8
139.024.0
130.123.2
~164.0%3,1
—150.241,.3
31.023.7

G.641.4

DW{M)  OMEGA(™)

~131.123.2

~130.940.9 1.1046.05
151.248.0
117.122.0-0.5140,09

~1644142.7

~177.6%1.4 0.2540.02
40.1%1.5

30.121.4-0.3920,05

PSI("™)

N.6540,06

0.17+0.15

N.3240.03

N.2630,06

EPSILON(")

-0.4380.06

-0.9540.10

-0 .7820.04

~0.19+0.04

W, ¥, € when poél'tive,. ropreaent counterclockwise rotations sbout the respective W, ¥, U axes, a8 viewed from the end

of the positive axls,

RESPECTIVE QUANTITIES -17m, ~13m, AND + 1m.

OLE*10%)

0.6340.94
—0.37+0.11
—6.4141.67
b a6420,45
—2.8620.61
—2.6520,18

5e4420.67

5.314+0.16



DATUM
NOY .

10
12
15
17
20
22
23
24
26
27
28
33
36
39
42
43

45

47
49
51
52
53

54

DATUM NAME

ADINDAN (ETHIOPIA)
AMERICAN SAMOA 1962
ARC CAPE (SOUTH AFRICA)

ASCENSION ISLAND

CAMP AREA ASTRO 1961/62(USGS)

CHRISTMAS ISLAND ASTRO 1967

EASTER ISLAND ASTRD 1967
GRACTOSA 1SLAND (AZORES)
HEARD ASTRO 19469

INDIAN DATUM

ISLA SOCORO ASTRO
JOHNSTON ISLAND 1961
LUZON 1911 (PHILIPPINES)
MIDWAY ASTRO 1961

NEW ZEALAND 194§

OLD HAWAIIN

PITCAIRN ISLAND ASTRD
PROVISIONAL S. CHILE 1963
SQUTHEAST ISLAND (MAHE)
SOUTH GEORGIA ASTRO
TANANARIVE

TOKYO DATUM

TRISTAN ASTRO 1968

WAKE ISLAND ASTRO 1952
PALMER ASTRO 1969

EFATE (NEW HFBRIDES)

LE POUCI ASTRD

DIEGO GARCIA ASTRD 1949

~ Table 2.1-2 (cont.)

NO. OF DUM) DV (M) DW{M)
STATIONS
11 167.1% 2.9 21.0% 2.9 -210.1% 3,1
3 119.24 0.0 ~105.74 0.0 =423.3% 0.0
8 151.7¢ 0.9 126.7¢ 0.9 298.1% 1.0
3 227.1% 0.4 =93.1% 0.4 =58,3% 0.5
1 111.0210.0 14B8.0% 9.0 =238.N0210.0"
3 ~115.8% 0.8 —-221.82 0.8 529,7% 0.8
1 181,92 0.0 =13T7.4% N.0 =128,2% 0.0
4 124,52 0.4 =146.3% 0.4 37,32 0.4
1 181.5% 0.0 56404 N.0 =114.3% 0.0
1 ~165,0217.0 =711.0+10.0 -228.0+11.0
2 -133.6% 0.1 =205.8+4 0.1 =-503.6+ N,1
1 ~160.B2 N.N 50,7+ 0.0 217.2+ 0.0
3 143,44 5,9 50,5+ 5.8 108.0% 6.2
1 =37T.42 0.0  84.,1% 0,0 —278,5% 0.0
2 -61.8% 0.7 41,92 0.8 -191.7% N.8
5 ~5N.42 0.5 298.0% 0.6 185.2% 0.6
1 -167.1% 0.0 -168.6% 0.0 -59,9% 0,0
2 0.9% 0.6 ~196.0% 0.6 -92,12 0.7
3 50,08 3.1 1B89.4% 2.9 270.91% 3.1
1 820,32 0.0 —-101.0% 0.0 290.3% 0.0
2 191.94 3.1 253.52 3.1 122,24 3.1
3 180.2% 3.4 ~508.4% 3.7 -679.0% 3.6
1 653,74 0.0 =420.3% 0.0 622.3% 0,0
5 ~259.7% 0.6  66.5% 0.7 -140.6% 0.7
2 ~208.0% 8.3 =16.5% B.4 ~220.3% R.4
1 139.5% 0.0 791.5% 0.0 -ﬂ52.81~0.0
1 755414 0.0 ~155.8% 0.0 506.6% 0.0
2 ~185.,8% 8.8 43B.5% 9.2 238.0% 9.5

10



NGS (DYNAMIC)

NWL -~ oD

GSFC 1973

STD. EARTH III 101

WGS =~ 1972

GEM &

11

TRANSFORMATION PARAMETERS

Table 2.I-3

(SATELLITE GEODETIC SYSTEM - OSU 275 SYSTEM)

NO. OF DU (M)
STATIONS

45 18.820.9
50 19.831.0
&7 13.221.2
15.041.0
124 168.3£0.6
134 17.840.7

L]

W, P, ¢ when positiva, represont countarclockwise rotations ebout the respectlve w, v, u axes, a8 viewed from the end

of tha positive axia,

DVIM)

9.3:0.9 )

9.120.9
16.84%1.2
14.631.0

9e620.6

12.020.7

DH{M)

~3.221.0

-2.621.1

~2.221.6
-13.321.0

"13-6:0.6

OMEGA (™)

0.0820.01
N.4340,01
~0.4240,01
0.274N.01
0.0240.00

0.1320.00

PSI(™)

—0.0620.01
~N.1240.01
0.1740.01
N.0620.01
~0.1240.00

0.0740.00

EPSILON(™)

-~0.0840.01
~0.1320.01
0.17£0.01
0.0120.01
-0.1340.00

0.0220,.00

DL{*10%)

—2.2820.03
0.094+0,03
1.1@30.05
0.7320.03

~0.9520.01

0.8420.02



2,2 Determination of Transformation Parameters in case of Limited Area
Coverage

2.21 Devloping Moledensky's and Veis' Models:

The general transformation model (equation 1, section 2.5 of the
Tenth Semi-annual Satus Report of OSURF Project No. 2514 covering the
period January-June 1972) is known after Bursa. Thus, to expand the
scope of transformation program, Molodensky's and Veis' models, especially
guitable for limited area coverage, were also programmed and incorporated.
If the rectangular and spherical coordinates of the origin of the geodetic
system to be transformed are Uy, Vo, Wy and ¢, XA, hy, then the two

models are given below:

Molodensky's Model

O X U Ax 0 w -¥ U-U, U-U,
ol 2| Y] - V- |y -i-w 0 € V-Vo -4 V-Vo [ =0 (1)
a Z 1 W { fal IJJ “€ 0 W-Ws |, W-Wys |t

@

Veis' Model

o X U A U-U, U-U,
wal=| Y| - | V|-l -M V-Vo [ -A | V-V (2)
(pa Z 1 W 1 AZ W_Wo W"'Wo .

i

Where matriz M is given as

1
r-(-)- sinod A- cospodn ~CO08(PeSinky dA-Ccos)AedE
- - singo sindo dn
M = | -singodA+cospodn 0 COS@y COS Yo dA-sini, dA,
+8inpe coshodn

Cco8gain)gdA+ -COSPp COSApdA+
cospgdE+ sindo df- 0
singosiniodn singoc 08)lodn

A

The positive directions of the axes considered at the geodetic initial
point (U,, V5, W,} are south, east and along the ellipsoidal normal outwards

with the respective rotations about these axes as dn, df, dA.

12



The rotations in the above two models are related as under:
w = ginpodA - c08pedn

U = £oBEeSink, dA+ o8l dE+sings sinodn 3)
€ = co8@o coBAdA-giniodE+8ingy co8Adn

However, it may be clarified that Molodensky's model for a global

system would be identical to that of Bursa's (i.e., when U,=V,=W,=~0).

2.22 Applying Above Models to Various Datums:

The zbove models were then used to obtain the transformation para-
meters in respect of 4 major datum viz North American, European, South
American and Australian datums [Table 13 of Attachment 2.2 of Thirteenth
Semi-Annual Status Report covering period July-December 73].

The results are given below:

A. Augtralian - WNi14

(i) Molodensky's Model (Table 2.2-1a & b)
(ii) Veis' Model (Table 2.2-2)

B. European-50 = WN14

(a} FEuropean-50 (W)
(i) Molodensky's Model (Table 2.2-3a & b)

{(b) European-50 (All Stations)
(i) Molodensky's Model (Table 2.2-4a & b)
(ii) Veis' Model {Table 2.2-5)

C. North American 1927

(a) NAD-27 (W)
- (i) Molodensky's Model (Table 2.2-6a & b)

(b) NAD-27 (E)
(i) Molodensky's Model (Table 2.2-7a & b)

(c) NAD-27 (All Sations)
(i) Molodensky's Model (Table 2.2-8a & b)

(i) Veis' Model (Table 2.2-9)
D, South American 1969 .
(i) Molodensky's Model (Table 2.2 10a & b)
(ii) Veis' Model (Table 2.2-11)

A summary of the results is presented in Table 2.2-12.

13
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M, 10000000N+0]
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ny
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=N,53494T200+0N7
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CES MNLY)

nz
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0.132266630+03

VARTANCE - COVARIANCE “MATRIX

NL3NZIIT2LN+0ON
Ne24932A0A2D4NOD
=0 .51 277044 +ND
0, 2RT78G140~N5

COFFFICIENTS NF

0,12 1A2A53F=07
0, 10060000001
-N,1838002160=-01

NISTTIA1ZT+00

—0.]5903élﬁﬁ;nn
=, 5127 TN44TI+ N0
N.29029T7]11M4+nD
~(.1513R3510-n5

CNRRELATIAON

=0 ,5049A470MN=-07
=N 1aannglen=-ny
~fL.1nannannhent

-N, 9509191 2N=01

DL
(XI.D+6)

B, 82124200D+00

0. B9Z58015N~06
N, 287TRILON-05
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NeR4062043N=11

N.615163620-01
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Table 2.2-1a (cont.)

RESIDUALS V

————————— et A St S —

TTUUVI(AUSWNATG) VZ(-WN- 14 ) M

———— ——— e e L

€023

L6032

a060

5% 1.0 -5.8 6023 2.3 -1.1

243
Bt 2.6 _ beh 6032 5.0 2.6 Th-2 10.4 =
27T

—2.9 1.6 =0.7 6060

'“Q-S

"1 -E"

106,

UNIT OF RESIDUALS (METERSY
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Table 2,2-1b

AUS NATS  ~TO=  WN= 14 [(MOPSKY MODEL)
st s o o ot 4 s ot s o o e e e afe s e st o e o o o o s el e ke sl

SOLUTIMN FOR 3 TR

=1

sn2=
N.3410+0]
ﬂ.élﬁﬁwﬁ?
0N.2580=-n1
0.5110=-07
N 236D=NA
0.1040-06

~0.A28D~NT

N0.1000+01
NL183N=-n2
(L 6O0D-07
0.3890~01
0.1460+00
D.6520-n1

~N.3180=-01

SCALE

-

FACTNR

B ny nW
METERS METERS MFETERS
Rh.97 =R9.14 131.73

S

NL618D0=-N2  H,288N0-N]
NL33IN+NT 0. 4440 ~011
D44 4N-N1  0LH100401

0.1720=04
NalZ25N=-07
~N.7750-07

=0, 2240 =015

G.183N=07
NaINNN+0Y
fL1200-01
OL133N+O0
OL.FRIN=-02
-ﬁ-ﬂQZﬁ-ﬂl

=0,115D+00

(USING VARIANCFS ONLY)

NELTA
(X1.0+6}

le20

aMFEGA

VARTANCE - CNVARTANCE MATRIX

-0, anN3N =07

0. 135”‘06

=N, He6N0=-07

~0,384N N4k

COFFFICIEMTE

QufBON-02
0.1200~N]
N 1000+0}
-0;62hﬂ~01
N, THAN-N]
=M 320001

=N 1TI+00

O.5110=-NT
O 1720=06
=}, I (TF
0 50T =12
N RA2EN~14
=N.15650~15

w(iy 4R TN-14

N, 236N-N6
N, 1250=07
N.13EN=N6A
Ne238N=14
0L,7650~-17
~N,14FN=12

=0, HOEN=-1 2

OF CORRELATION
G.2000-01 A, 14a0+00
NJ1330+00 N, TRINO=N?

~.ft260=0]
N.1000+0]
N,.5390=-n2
~N.F52Nn-01

=N E00O~N7

16

N, F£3AN=N]
N, 529NNy

G.100D+0]

~MN.194D+00

P&l
SECONDS SECONNDS

-N, 8%

AND ROTATINON PARAMETERS CONSTRAINED

e P e b i i ke e b e e e A AL G AN S L S S S . S B . e S S S S S W iy b

Qe 1N4N=14
=N, 7T50~-07
=M. 5%60N=N7
~N,165N-13
~M,1480-12

D, T4N-72

G.379N=12

052N =01
=0 ,4970-N]
=N ,22NN=N1
-0,2520=-01
=0.1960+00

N.1N000+01

N 410D+N0

ANSLATION, 1 SCALE AND 3 ROTATINN PARAMFTERS

ERPESILDN
SECONGS

n,.25

-0.6280-07
-0 ,2740=Nk
=0 ARLN=Nk
N J4RT0-14
-0 .4080-12
0n.3790=12

0.1140-11

-0 .318D-01
-0, 1150400
“0 1770400
-0 L 6NOD=N2
=N JA3AED+O0
0. 4100+G0

0.1000D+01



Table 2.2-1b {cont.)

RESIDUALS V
VI{AUS.NAT.) V21 WN= 14 ). vVl - V2 )
6023~ 0.9 =0.4 -2.9 6023 —0.8 D.4. 1.8 1.7 =0.¢ —4.f
LE032 1.0 1.2 0.7 6032 =0.9 =—1.2 -0.5 220 2.4 . 1l.Z

1.2 0.7

UNIT OF RESIDUALS (METERS)




Table 2.2-2

AUSJNAT. ~Tn= WnN- 14 ( VELIS MONFL }
o sfe o s e o i e e e S ol ofr o oo Sk ol ke e kK o i e e o A ol e o e
SALUTINN FNR 3 TRANSLATION, 1 SCALF AND 3 ROTATION PARAMETERS
(USING VARIANCES ONLY)
DU nv nW NELTA AL PHA KS1 ETA
METERS METERS METERS (X1.R+A} SECONDS SECONNS  SECONDS
~156.97 -59,17 131.22 1.14 -0.35 N4 1.22
VARTANCF - COVARIANCF MATRIX
SO2=  1.40
0.104D402  6,262N=-01  N,2000+00  0.216D0-06 0,1950=N7 =0,171D~06 -N,193D=N5
0.2620=01 0.10104N?  0,3410+400 0,1140=05 0,.563D=06 0,161D~05 «~D.3RTN-N4
0.200D+00  0.3410400  O.126D+02 =N.BI4N=NE N.103N=05 0,229D=05 ~N,1600-05
0.316N=N6  (,114D=D5 =0,594D=06 0.333D=-11 =N, 144N=12 0,229N-12 0 .8880-14
D0.1950-07 N.5630=06 0.1030=08 =0,144N0=17 N.%536D~11 ~0.1610-12 -0.1580-12
~0,171N-06 0.161ID-05 (1.22090=N5 N,2290=12 =-0,1610-12 0,574D-11 -0,3170~-11
—0.193D=05 ~N,38TN=06 =0,160N=NE N BEEN=14 =N, 158D~17 =N.317D=11 O.6200-11
CNEFFICIFENTS OF CORRELATION
0.100N401  N.2550=N2 N,1740=01 0,5350=01 0.3290-07 —0,149D=01 —0,2280+0N0
0255007 0.1000401  0.,3010-N1  OL.196D0400 0.96TD~01  N.163D400 =0 ,4840~01
0.1740-01 0.301N-01 0.1NOD401 =Q,914D=-01 N.15ED400  0,206D+00 =0,1790400
0.535N=01 0.196N+00 =0.914D=01 0,100D40]1 ~0.432D=N1 0N.402D-01 0.1940-02
0.329N=02 0.96TD=01 0.1580+400 ~N.4320-01 0.100D+01 —0.2810-01 —0.344N=-01
—0,169D~01  0,163N+00  0,206D+00  N,.4020=01 =0,2810-01 0.1000+01 =0 4050400
S =0.238D400 =0.4860-01 —0,179D400  0.194N=02 =0,344N=01 =N,405D+00 0.1000+01

NOTE :

T T Y T S g T T T T ——

THE POSTTIVE ROTATIONS ARF TNWARDS SNUTH, FAST, AND ALONG ELLIPSOIDAL

NORMAL UPWARDS. -

g e v e e e S - -l el

18

-



Table 2.2-2 (cont.)

RESIDUALS V

'

V1{(AUS.NAT.)

V2U wN~- 14 7

- 6023
6032

6060

Vi O

. UNIT OF RESIDUALS (METERSY)

19



FR=50 (W) =T—=  WN=— 14 (MOYEKY RPDEL)
oo o e g e ek o Aok ok s ook ok Aok o o ok Rk ok ok ROR S

SOLUTINN FOAR 2 TRANSLATION AND 1 SCALF PARAMETERS
(UNTTS = METERS)

{USTHNG VARTANCES MNLY)

nx ny nZ DL
METF2¢ METERS METERS {X1.04+6)

—NLI1ANTATID #4072 N.RLZ22NE2TH+N]

-0, I009T4NPTI4NE =0 127455000407

VARIANCE -~ COVARIANCF MATRIX

023

MN2= 0O LRE

Q208281500 +07

»

—O0 L OLTERRDPATHON
—N,.250134050401

—NLAE502ROIL-08

-~

n.1onnnnnnen]
—NaGhHACNEIN—N]
=0 . 125490370+ 00

-N,351111280+00

=N GGG TRERZLT 4O

L, 20NT76LR2T+07

DLBELTRILCN NN

0 24080N3970 =08

=N.2ER1340n5D+0]
G.96613260N4+0N
NLZNER[LEIDHND

CLATTITEGEN-05

CACEFTILTIENTS NE COARRFLATINN

I AN =Ta LAt dal |
0.10N0AN00GH+0]
C.&TEFP1RALIN=-0L

V.12 PG 820400

=1, 12562302 2N+00
0.4 75010410=N]
PL10NOOCNGD+0]

NLIRTETES AN+ NN

=N, HAENPRGID=-08

fla ZLEQNIOTN-05

N ETTRTAGEN NG

N 1T74665T10=10

‘—n,35111129Nn4+00

N,13291812D+00
N 3579TESAD 4NN

0. 100000005 +01

BE-g°2 Q9B



Table 2.2-3a (cont.)

RESIDUALS V

vl - v2

WN— 14 1}

val

VI{EN-E0{W)}

MF oD Ch OO e

[ TaTE B e B e B ol Tl - o
s % » 4 & & a4 & » 4 =»
o FOMNLoF0o -
o 0 P oo OO0 DN Y
[0 I T I I B
OO0 C LM =T 0N
[ ] L L] L] [ T L ] *. & & »
OGN~ O~ O
| e~ — [
| I
[ AN TN S 1 =~ Y ol o o
4 & & ® » & & & & & 3
el 00O P e O o I AT
Lon i I | [ [ T |
CeM~MCON~CONO O
4 & & & & » & 3§ € a @
MG e LMt &=
J.,.o_;_ — e 0o O
Lo MmO
*® @ & ®* & 9 & » = a2 a
13290%05070
| o~ ...m.. t 1~
oGO O
Cred L T OOy
cCogcoccCcccoccocd
LLHOTmoeoToocwd o
oG N Mm-S
& 4 & % & ¥ & & = 8 @
OO«..U.WOOO._OOO
Pl a0 el AV + B A S TS SR T NE TR WY s I wot
a & a4 8 E = 8§ & ® &5 @
~ CC NN
[ 2 T TR S N A T
COMNE M =GO o
*« & & & & & § @ & = @
ﬂ‘nwnh..élﬂn,ln.wﬂa_n
O Cng C©F O
€ e L e SO
coCcocoCcCcocCcco
CU L w0

UNIY OF RESIDUALS (METERS)
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EN=-50(4W)

-Th=—

WN=

Table 2.2-3b

T4 [MOPEKY

MONEL )

e o et e st e o e o o ok e sk e oo o A ke ol e e ol R ek

SALUTION FOR

(USTING
rnl Dy ) PELTA
METERS METERS METRERS (X1.N+A)
=59,508 =124.8F =11A.37 TeT5S
VAR ANCE = COVARTANCF
N.RZ

Spe=
N.181N+N7
-0.1960-01
0. 4210+00
=0, 7T3AN-04
fel280-0%
=0 l46D-05

N GEEN=-0A

C.1000+N]
(. 1040-N2
N.2330=-01
=N 1240400
N.121N0+00
=N, 1RB&40400

~0.7970-01

SCALF FACTOR AND

=0 1940 ~01
Na19604 07
=N 16560+00
N.2750=0¢
O.ST?D;OA
0,1680-07

Ne159N=0N%

=0 L 104D—02
01000401
=N, RAT7ALD=-O2
Do 446N=01
0 ,53340=N1

O.2070=-02

2 TRAMSLATINN, 1

Ne&21M+0N
0y LESTIH OO
N IRTIG+O?
0, 7530~-N6
0. 9740~k
—N 1 4OT =06

N, 1620-NE

ROTATION FARAMETFRS CONSTRAINED

=N T3EN=04
ﬂ;??%ﬁ—ﬁﬁ
N TRAN-0A
N.1940n-11
0.3f7ﬁ-14
=L 5221-15

-N,TO3N-14

SCALF

AMA

VARTANCES NNLY)

A EG A

CLCNKNS SECOMNDS

1.727

MATRIX

N,1250-n5
NGEF2D =GR
N 740D =04
N.277N=14
C.onnan=-11
N, 7R8N-12

CNEFFICIENTS NF CARKFLATINN

0.2330-0]
—C«BTRN-02
H,1000+01
n.ip7h+no
G451

~1. 1790 +00

=0 1350+00

“N 17240400

NebtaD=01

N 1270400

N, 1000E+0]

N,1120=-02

- 743N=N7F

=0, 1790~02

22

n,121040N

0,534N=-01

N Q450=N1
N.1120-02
e 1NON+0]
~0,177N+0N

=N, 534N +00

-N,1460=N5
0. 1RRD~-N7
~(ha 1ANG~N5
~0.622M-15
-N.7820-12
0. 23R0=-11

N.785N0-12

=M 1RATIHNN
0.207TN-07
=0, 179N+00
=0 ,243N=-03
=0, 177D +00
Mg 1NNN+N]

Nal52N+00

3 RATATINN PARAMETERS

- —— . — g T Ty o B

Pl FPEILON
SEFCNNNS
=g 0,13

N 9EAN=06
n.,159P=05
~0,1626-05
-0 .,703D-14
—0.,4060-11
0.7850-12

N,T1e30=-11

-0, 79Th=-01
NL1290+00

“00135‘-}"‘00

~ 179002

~(.5040+00
AL1E2M400

0.,1N0D+0O1



Table 2.2-3b (cont.})

RESIDUALS V

Vi - V2

—— A o

VI{ED-50{W})

V21 WN—~ 14 }-

11.8
23 71

_9.8

—0-2.

19.5 <11.4
31.3

0.2

0.4
~0..0

6nN04

"'"'20. 1
32

6006

. ~0.T

—090

A
-39

17.2

1ads

2
8

B
11.8

—lé.

"lsQ

ST S

..20016

£.3 2e5

3.6
*15.2

6

3.
=21

9.1
"""-5

3.
1.

6065
8009

_0-3
O

1.8

"0 .7

0.2
—'3-3

6065
80LY

0 MO Ofd FfE
[ ] [ B ® & |
@ = DO DN
} Pl
el o 0 it
[ N d o #la
N m G oo
- N OO O =
Iy Q. [ ol o 1RV
» 0 Y a e a
O et Ol e O
~- | -
| }

‘.
bt @ Ol e O
LI TR B N B TR
_ﬂTﬁl‘ﬂO,OS
0 0 e
LI T T Y SR ]
J,awl.atunuﬁ

el DN =N O e
S EA A R
o wiin @ M ohn
P T T 1)
1~4!.8111AD
— “ [
;
oW G
o - 0O 0
O OC T
mwmo o0,
o -t <t (A 3E-
| Y . L O
oC SOOI
i w it
WD e WY O N
LI TN B -_-
™G LN O M

i
o+ o L olm
L3 H L3 a; @
~HooNO OO
[ f
O W QL et D
el N O g
L R B o B oo B o R w TR o
W 600 g IO

426

UNIT OF RESIDUALS (METERS)




ED= 50 -7~

la {MOPSKY MODREL)

e e e o ok e ek kool e ool ok ol ok R R R R AR R F TR AORK R

SOLUTION FOR 3 TRANSLATION AMD 1 SCALF PARAMFTERS
{UNITFS =

X
METFRE S

=N GOL2ARARNIHOD

M2z 1.04

N L1970 6462407
N,3021P359N+00
—N L, T&350241N4+00

—N L TALETA3AN-NG

N, 1A7NNAGAT+HOL
N.150613N5N=-01
-N,37521448D=01

=N ,13AR520520+0N

MFTERS)

{USING VAKTIANCES OHLY)

ny
METTRS

-, 1A CRLON4NH

nZ
METERS

~0 .1 1AT22950+03

VARTANCFE ~ CNVARIANCE mMATRIX

NaAN2TRISALH0ON
D FOTHRAL2OMLFO2
e A YR A T Y Ao E Waly

=N 2T TFRROEN—0OR

CAEERTCTENTS TF

e 15NAETZNOREN-NT
N, 10N00NNNR ]

-1, RN ATIPN=0]

-1,1103145T70+00

~y PH2RNZ2 &I+ 00
=N A 2TA4NN0NLD 4NN
O 22432300+ 072

(1 12PGAIATIN=NF

CARRELATIONN

=N, 3FE2T4ASN-0T
= ,ANT1ATI2L-NT
AL 100G NONO0D+ 0T

0.7 74721120400

nL
[X1.D+&)

DaANTIITNZ204D]

=N.146483622N-0N5
=~0,13774593N-NF
T 33B9A3R1D-0F

N,751491190-11

=0, 1345305820 +NN
=0.110214570+00
N 2T4821120400

0. 1NCONNGON4OT

eF-7°2 2IqB.L



Table 2.2-4a (cont.)

RESIDUALS V

V1l - V2

| e st wop——

V2{ WN—- 14 )

vi{ ED~ 50 })

-1 03

5006

-3.5 38-8 _9-2

6006

0.3

. 0.1

i
{
L?Y?
-_-.o
Oy et
\ [
Ln,n“L
. 8 B8
m o
|
i
o O M
H ¢ & B
O Od It
-t -
|
S
5 4 &
oo mie
o I
{
oy O ey
' & s
- N O
[ =
8_649
« 1 &
&N i o
Pjed |
I
Ny 0 | O~
lllkuO
SO OO
L0 Ol w
NO MM
o...t
OZUJVO
!
w
O i el 1l
-“-Q
Qoo O
{ -
O, M &N
[ B 1N ]
OAUOH%
N0 Wy O
g lios SRV o/ a0 )
OQ OoQ
6ﬂogu8
]

1.7
9.9
5.9

£.8
"'0.8

Bl

i ""7.9

-30.4
51312

_1.2 an . 8_0_10 N 9-8 —6-4
~0.l

8010

"‘2-9 40.3
12,1 _=0.7 —

'“Igo

2.6
0.9

8015

8011

'-0 .1

~0.3

8011

8015

0.6 —19.1

8019
5.0

=~0.0

1.9
" 7.9

—~0.0

8019

—12.1

BGO30
9004
20046
9008

-1 .4 0-3
- 0.0

8030

-

] LA

O Yy

26«
4o

9.5
~1llel

~Guly ~24.0 ~0.7
8'9 “4‘0_5 —449
10.9 ‘—15-8. —20.5

0.3

2.3
0-2

0.1
=22

2006
9008
2021

-0.8

217

16.8

0.9

1.2

~D,L.2

-4 . ()

~7.6__31.1 .

3.8
B -Pe

7-.3 —25_01

-3.1

9091

6.0
l.1

=0.3

. 0.5
) _0-6 1_3-5

~6.9

6.7
Bled =36.1

"'5-6
}.8 —67.9 32,5

9426 .
9431

. —0-5
=36

9426
9431

3.7
-2 o4

UNIT OF RESIDUALS (METERS).




Table 2.2-4b

h- &N ~TN—=  WN-— 14 (MNISRKY MONT] )
s ot o g ool e e s oo ool e ok K o ok o o K N o TR e ok

SCALT FACTOR AND RNTATINON FARAMETERS CNONSTRAINED

SOLUTION FAR

2 TRANSLATINN,

1 SCALE AND 3

ROTATINN PARAMFTERS

Ln?2=
0,193N0+02
C.187N+00
D 2720 400

=~0.1H530-N6
. ININ-06
=0.,102N=N5

N.30&60 =N

D.,1000+0T
C.o3860N=-12
N.G0N1D~02
“~0.4170-01
0.2250-01
=N, 151N+N0O

C.6210-01

) ny ny
METERE HMETERS  MFYFRS
GG .43 =132,00 =-11H,0R

VART ANCE

1.003

N.187N+00
N206D+02
LI B RRTA R A Th
~N 200N
0.228D0=-0A
=N EOED—-NA

G.9360-02
L. 100D+
050 AN—12
=0 ,330N~01
0.4910-01
-N.583N-01

D.117D+00

(S ING

N,172+0N
N.1oan+nn
N1 aaNe02
O.A16T=NE
N.1020~06
—0 557N~

D30N2N=04

CAOFFFICTIENTS

N.901h=np
G.5080~N7
O.1000401
n;F?ﬂﬂ—ﬂ]
0.24AN=-01
~N,3370=-01

N.6210-01

VAXTAMCFS ONLY}

NELTA MEGA
{X1.P+a) SELONNAS SFCONDS
fie TH N 31

= (WARTANCE MATRIX

=N 15730—NA N,.1010=N4

—~(1,170N=NK N P78N-N&
NL21AD=NA  (1,100N=06
My TOOR=)2 =N 168N~14
=0.1AE0-14 0. 1nSN-}]
0 1ATH=16 =0 490N =17

—0.241N=18 N, o8EN=13

NF CORRFLATION

=N 41TNR=NT A P2P5N=N]
=N, 3ZGNh=-0]
NLETON=0Y Oa7460-01
N INNTANT =0,.19£D=-072
=0, 1960-02 Q. 1000+0]
-ﬁ.i3ﬂm-n3 =MNe 212N 4+00N

=0.2560=-02 NLRERED~-N1]

26

S |

~MNels4

n.4oln-n1

=N, 1M2N-n5
=0, 406D~
=0 55N~k
=0, 1A7D~15
~0.4000—-12

236011

~(tab9RN=12

=N, 151N+00
=~ BEAIN-N]
~NHIATN-01
=,130N=-07
=N.312D+00
O L1000 +N]

FPSILON
SELIMNS

N ?

N 30ANR=NE
f.Be7N=0464
0.2020=04
“0NL,2410=-1%
”.Qﬂén—lB
N 6FR0=-12

N,1z26N=-11

N .6210=01
N.1170+00
0.6210~01
-0 .256N=02
0L.B50=01
-0 4050400

N.100N+01



Table 2.2-4b (cont.)

‘RESIDUALS V

V2 wWN- 14 1}

Vi{ ED~ 50 } vl - v2
6006 0.1 -1.1 0.4 6006 =2.9 33.2 -12.0 2.9 ~34.3 12.4
6015 0.1 0.0 0.1 6015 ~12. ~423 —=14.6 124 403 15,7 .
6065 0.2 -1l ~0.2 6065 —3.3 14,1 3.1 3.5 —15.3  —3.3
8009 =-2.7 0.1 0.6 8009 . 9.5 -0.2 -3.3 -12.2 0.3 3.9
o 8010 -1.3 1.6 1. 8010 10.1 -5.R —-8.7 “11.4  Te3 9.7
8011 -0.5 10.0 G2 BO1] 3.9 -30.7 2.1 ~4 .3 40.6 2.2
8015 -0.2 5.4 - 0.0 BO1S l1ed4 =12.1 _-0.1} ~1eb6 174 D1
8019 ~0.0 1.8 —-0.0 8019 0.9 ~17.6 0.7 —1.0 19.32 =0.7
004 0.1 1.9 0.0, 9004 -~7.3 -19.8 -3.0 Tad - 217 3.1
9006 _~1.5 . Qs4 -0, 9006 6.0 _—8.4 3,9 ~7.5 B R  ~4,1
9008 -0.5 0.9 0.7 008 Ta% =15.7 ~-12.5 -8.1 16.6 13.3
7091 -0.2 5.7 _—0.3_ 9091 59 =23.6_ 6.9 —6el  22.3 .=T.2
9426 Dty 1.6 -0.3 9426 —Zabls —812 Lol ‘3.l Q.9 4.7
UNIT OF

27



END- 50

-T =

Table 2.2-5
Wh= 14 ( VE1S MODEL )

e 3 e sl Aok s ofede A el e sk e e koo ol i o e sl o ok e o e s R e o e ok

NOTE :

THE POSIT

SOLUTINH FOR 3

e e i e Sl B S T T T o Sl . = o Y o S Y Al S i . o e . S e e

ny
METFRS MF
-96,36 —112

Sn2= 1.11
0.2460402  0.1580+01
0.1550401  N.251D+02
0.1290+01 0.7110+00
20.172D=N5 =0.151n=05
0.7020-06 N.457N-05
—0.914D=05 =D ,44]1N=08
—0.729D-07 0.2790-05
0.100D401  0.6240=01
0.624D=01 0.100D401
0.5440-01 0.2970-01
—0.123D400 =0 ,106N4+00
0.451D~01 0,290D+00
~0,3900+00 =0,186N+00
=0.136D-02  0.1650400

IVE RO

TRANSLATION,

1 SCALE AND

3 ROTATION PARAMFTERS

{USING VARIANCFS NNLY)

DV nW

TERS

21

VARTANCF

1260 +01
N.711D+00
Ne2280+N2
0,210 =-N5
N.1510=-05%
~0e524N=05

N.8250-N6

METFRS

DELTA
(X1.N+A)

b6

-~ COVARIANCE

=0 ,4172N~05
=N,151D-05
NeRE1N=NE
N ENNN-11
=0.1590~12
~D.1690~13

N,¢3460-12

ALPHA

CECNNNS SECONNS

0, 3N

MATRIX

0.7020~06
NL,4570=-05
N.151N=Nn5
=N, 159n=-12
N.GRTN~11
~N.4960~11

~0.1410-12

COFFFICIENTS 0OF CORRELATINN

N .544D-01
0a29TN=01
0.1000+01
0. 267D+00
01010400
~0.,232D+00

0.511N=01

TATIONS ARE

=N 1230+00
~N106P+0N
H26TD+00
NINOD+OT
~0.172N=-01
-N.148N=-072

0.9790-02

TOWARDS SDUTH

N, 4510 =01
N, 20D +nn
0, 101D+00
N 179D =01
0.100N+n1
=N, 3340+00N

=-0.1330-0}

K<l ETA

SECONDS

-N.13 Ge26
~0.9140-05 -0,2290-07
—0.4410-05 0.279D-05
—0.524D~N5 0.A250-Nk
=Ne199N~13 (D.9360~=-13
-0.496D=11 =0.141D-12
Ne224D-10 ~N,2110-12
-0.2110~12 0.114D-10
=GeA90AN+NON =N, 13&D=-N2
—0.1B6N+NO  0,1650400
~0.232D400 0.511D-01
=N.1490=-02 0.979N0-02
—N.334D+00 =0,1330-01
0.100D401 -N.132D-n1
—~0.132D0-01  0,1900+n]

s FAST, AND ALONG ELLIPSOIDAL

NORMAL UPWARDS.

——

28



Table 2.2-5 (cont.)

i

m

1

]

|

i

1

|

1

;

:

-
v
4
<
>
o
=
v
U
&

w

¥

———————

v2( WN- 14 )

V1 - v?

—

(=]

s
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Table 2.2-6a (cont.)
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Table 2.2-Tb .
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feok oo koo SOk o K o #*#***********#** *¥%

SCALE

FACTGR AND RNOTATION PARAMETERS CDVQTRAINFH
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. Table 2. 2-8h
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SALUTION FOR 3 TRANSLATION,
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—AL95AN=02 =0.174D+00  N.2670=03. N.1210400 N.1N0N+NT ~N.226D400
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40
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- 7able 2.2-8b (cont.)
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Table 2. 2-12

Sumtﬁar_y of Datum Transformations to WN-14 System

National

Datum Australian ED-50 NAD-27 SAD-G9
Trans= 4 7 4 7 4 7 4 "
formation
Model Parameters | Parameters | Parameters| Parameters Paramc;ters Parameters_ _ Parameters Paramet_ers
An -154.345.0 | ~157.041.8 -99.444.4 ~09,414,4 =31.4+1.9 -31,741.4 97, 743.5 ~96. 643, 0
R Av -59.545.0 -59.1+1,8 [~133.24.6 |-132.0+4.5 146.5+1.5 142,341, 3 -9.5+3.1 ~13.7+3.0
Q Aw 132.345.5 131.242,0 [~116.7H4.5 |-116.034.3 176.2+1.5 177.3+1.2 -28,0+3,6 . -29.4+3.2
% bne 0,9%242. 91 1.20+0,71 6,0742.74 6.750,84 | -1.06+£1.13 [-0.8040.27 1~6,6841,39 -6G,67+0.59
s *y ' :
- -1.0340.18 0.3120.21 1-0.86+0. 06 0.630, 17
2 | oy -0.9940, 18 -0, 1440. 32 ~0,2340, 05 -0,1740,12
" 0.2510.22 0.4840.23 -0, 3340, 10 0.1240,13
Au ~-157.043.2 -99.445.0 -31.6+1.7 -97.1x4.0
Av -59.243.2 -132.245.0 142,1%1.6 ~13.444.3
Aw 131.2+3.6 —116.4#1_.8 : 177._3:‘:1.5 -25.84.1
"0 A 1.14+1.83 6.06+2.83 ~0,964+0. 98 ~G.060+1.41
K] P L : j
S T -0.3540.38 0.30:0. 65 +1-0.3540. 18 0. 0440, 29
g‘“ 0.47x0. 64 -0,13+£0,98¢ -0,3440.35 -0.0810. 35
" 1.3240.52 0.2640.70 0,8740,21 -0, 64:40,43




2.3 Determination of Network Distortions

An empirical way to study possible distortions in the various
geodetic networks is under study, by plotting the residuals (56X, ¢, 6h)
of the tranaformation between the OSU275 system and the geodetic system
in question. Fig.' 2,3-1 presents the general flow chart of the procedure.
The Molodensky (4 and 7 parameter transformations) as well as the
Vanicek models are being considered.

Figures 2.3-2, 3, and 4 show a sample for the NAD. At this
moment comparisons between distortions from different transformations
and residuals are under investigation, while a more detailed paper is

under preparation.
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Fig. 2.3-3 Distortions of ¢ in the NAD
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Fig. 2.3-4 Distortions of h in the NAD
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2.4 Data Acquisition and Procesgsing

Analysis of optical and laser data from the ISAGEX experiment,
provided by CNES, is progressing slowly. Investigation is being made
in two phases, the first using raw data as received from CNES, the second
using preprocessed data. Examination is being made for suitability for
both geometric and dynamic solution to determine whether further processing
is justified. Examination indicates that in the area of Western Europe a
geometric solution should be possible using optical observations only. These

stations are given below:

Statiopn Number - Station Name Latitude Longitude (¥}
1072 Zvenigorod 55°41° 36°46"
1147 Ondrejov 2 49°55’ 14°47
1181 Potsdam 52092 13°037
8009 Wippolder 52°00° 4°22°
8010 - Zimmerwald 46°52/ 07°27’
8011 Malvern 52°08 ' 358°01"
8019 Nice 439437 7°18°
8031 Early Point 55°44 1 356°46
8034 Ypburg 52°027 4°21’
9004 San Fernando 36°27' 353°47'
9020 Dakar 14°46 342%36
9431 Riga 56°57 24°03°
9432 Uzhgorod 48°38 ' 22°18/
9436 Naulakallio 60°14 ' 2506’

Dynamic solutions are possible using combined data.
The optical data has been examined for simultaneity against a maximum
time interval of 0.0002 sec, this being the maximum time discrepancy ac-

ceptable to the OSUGOP program. About 10% of the optical data provided will
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be used In initlal solutions (See Fig. 2.4-1). Suitable data has been pre-
pared for examination using the USOGOP program (now know formally as
GEOMSG). No simultaneous laser observations have been detected using
the same criterion,

Preprocessing programs are being made available by Wolf Research
and Development Corporation. It is expected that preprocessing will still
cause congiderable difficulties. The two phases of reduction will enable

the effects of preprocessing to be examined in detail.
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Fig. 2.4.1 ISAGEX: Simultaneous Optical Observations
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3. ACTIVITIES RELATED TO EQOPAP
(Contract No. NGR 36-008-204)

3.1 The LAGEQOS Problem
3.11 Introduction

The Earth and Ocean Physics Applications Program (EOPAP) is
an applications program based on the discipline of earth and ocean dynamics.
Be primary goals are to identify, develop and demonstrate relevant space
techniques that will contribute significantly to the development and valida-
tion of predictive models for earthquake hazard alleviation, ocean surface
conditions, and ocean circulation.

In this program a passive stable satellite, LAGEOS, will be launched
in 1976. The objectives of the LAGEOS program are to demonstrate the
capability for making accurate determinations of the earth's crustal and
rotational motions by means of laser satellite tracking techniques. This
capability will be employed by observing:

~fault motion

~regional strain fields

-dilatancy

-tectonic plate motion

-polar motion-

-earth rotation

-solid earth tides

—-station positions



3.12 Statement of the Problem

Goal:

Accurate determination (cm-level) of points on the surface of the
earth.

Means:

Range observations to a passive stable satellite.
Tools’

Laser pulse transmitter

Laser pulse receiver

Timing device

Satellite with reflectors

Statement of the Problem

A timing device measures the time AT a laser pulse (better: pulse
train) needs to travel between the center of the laser pulse trans-

mitter, the satellite reflectors and back to the laser pulse receiver.

8

Fig. 3- —1_ 1
¥ we know the velocity V of the laser pulse we can compute the dis-
tance R, between the satellite and the observer
Ri = V. A'Ti
2 1)

. If we also know the position of the satellite at a particular moment we

are able to compute the position of the observer (x,, y,, 2;).

R? = (Xll_xp)2 + (yli'y'p)e + (231"29)2

(2)
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We can consider equation (2) as the formula of a sphere with the

gatellite in its origin and the observer somewhere on its surface.

Fig. 3.1-2
If a second observation to the satellite is made, a second sphere has

been established. The two intersecting spheres result in a circle on which
the observer has to be located. A third cobservation will yield an adjust-
ment, We have to note here that the three circles don't intersect in one
point due to the shortcomingsof mathematical modeling of physical realities.
In general two circles intersect in two points in two dimensional
space and three spheres intersect in three circles in three dimensional

space (provided that ry-rp,<M,M,<r, +T5 etc).

\
/D

Fig. 3.1.3
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Imagine that the observer is located at that point which is the closest
to the three spherical surfaces.

Actually, a train pulse is transmitted

Figi 3. 1_43.
and received.

A VARVA VAV AWV AW WA
Fig, 3.1-4b
AT, refers to the best fit of the two signai trains.
Some numbers: |
ex 1: R, = 6000 km » AT, = 0.04 sec = 40 msec
ex 2: ohe way oy CIn~ 0, o3 nsec
two way Oy cm~ 0y, 45 NSeC
(1 nsec = 10~° sec)
ex 3: pulse train of 100 pulses
Oasr = 0.1 nsec

Ory = 0.1 = 0.01 nsec = 0.15 cm

V 100

3.13 Motions

Unfortunately the reduction of time to range is not that simple, due to
different causes which can be summarized in one word MOTION.

Mobility of Transmitter and Receiver

" To make observations possible in all directions the centers of the
lager pulse transmitter T and the laser pulse receiver R may move with
respect to a point P which we want to determine in position. T he centers

are those points where the actual time readings are made when the pulses

pass,
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Point P can ho a benchmark, point on the mounting of the instrument

Fig. 3.1-5

When we speak about one observation, we have actually two: the
time reading at T and R so that

2 — 2
Tay = Orr + O (3)

The mobility of T and R means that for each observation the position

TR

of these two points with respect to A needs to be determined with an ac-
curacy which should not destroy the accuracy of the range measurement.

With proper instrumentation the requirements of accurate position determina-

tion of T and R can be met very easily.

Measurement:
Al = AT; + AT,
= R;q +R
Vv
= 2Rps *+ Rys-Rps#Req~Rpy

v 4)

and aRz = R’SR_RPS
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thenm AT = 2R,y + ARy + ARy

v (9)
Rps = V-AT'&-Rl‘ARg
2 {6)

whereby AR, and AR, has to be known with sufficient accuracy.

Rotation of the Earth

Even when T, R and P would coincide the reduction of ranges is not a

simple affair because of the motion of point P during the observation due

to the rotation of the earth.

Figo 3 . 1'-6

For a satellite which is at a distance of 6000 km from P the laser
pulse needs 0.04 sec travel time, as we have shown earlier. If point P

is located at the equator (largest effect) it travels 0.04x40,000 =0.02 km
3600x24

=20 m during one observation! _
If we want to refer the ranges to the moment of pulse arrival at the
satellite we have to correct the "measured ranges''.

Combining Figures 5 and 6 we gel
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[
(I,+a11+¢12)

P
(To+ ATy)

-
Fig. 3.1-7
AT = AT, + AT,
V.AT = Ryry + Rep”
= Rpfy + ARy + Ry,” + AR, (see previous chapter)
= 2Rpy + Rp’y - Rps + Rgp” + ARy + AR,
= 2Rpg + ARy + ARy + AR; + AR, (7)
where ORy = Rp’s = Ry
and AR, = Rgp” - Rpq

Ry = V.AT - AR, - AR, - ARs - AR,

2 (8
whereby AR;,...,AR, has to be known with sufficient accuracy.
Refraction
Unfortunately, the velocity of light does depend on the medium it travels
through. E means that the velocity will change in the different atmospheric
layers. Furthermore, the light ray will not cross the atmospheric layers

perpendicularly in general. This causes the light path to be curved so that
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our computed range R,y does not correspond to the shortest distance be-

tween point P and S.

Fig. 3| 1"'8

We need the "measured range R, to correct:
rps = Rps = ORs - ARq (9)
where ARs is the correction due to the varying veiocity of 1ight and ARy
is the correction for the curvature of the light path.

% has been shown that the curvature effect ( ARg) i8 negligible above
about 6° altitude. Therefore, only the retardation effect (ARg) is taken
into account.

Lasers having frequencies in the visible spectrum region are electo-
magnetic radiation which is hardly affected by the ionosphere and atmospheric
water vapor. & is only affected in the troposphere and the stratosphere.
Several refraction formulas are in use:

Thayer: ARg, = 2.238 + 0.0414 (Py/To)~0.238 Hy
sin E, + 1072 cot E, (10}

where P,: atmospheric pressure in millibars at observing station
T : temperature in °K at the observing station
H,: laser's elevation above mean sea level in km

E,: elevation of satellite
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Saastamoinen: ARgy = 0.002357 sec Z (PO+O.06e0—BtanEZ)J}AL (11
where 7: apparent zenith distance of satellite
Py: total pressure in millibars
Ey: partial pressure of water vapor in millibars

B, AL: quantities to be taken from tables

Other Error Sources and Summary

Other error sources are:
- the eccentricity of the point from which the laser pulse is reflected,
with respect to the center of mass of the satellite
- calibration of the velocity of the laser pulses
- delays in the cables of the transmitter and receiver, etc.
If we collect these additional error sources in a term ARg, we can

give the following formula for the distance r,, we are ultimately interested

4 6
in: ‘ 2 N
Tps=(V. AT - i=1AR1_2§iaAR!)/Z (12)
The following expectations seem to be reasonable:
Tropospheric propagation velocity uncertainties 15 mm
laser
Pulse detection 10 mm
Range counter 5 mm

Cables, mechanical, ecalibration target survey,

calibration propagation velocity, etc. 5 mm
Epoch (time synchronization) 5 mm
Satellite 5 mm

Oryy = 20 mm.

As we can see from this table 55% of the accuracy of the range ob-
servations will be determined hy the tropospheric refraction, Consequently,
the ultimate accuracy of laser ranging will depend on the accuracy of the

refraction models mentioned earlier. Depending on the relraction
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model no observations should be made outside a certain cone around the

zenith axis.

P

e

A safe maximum zenith angle 2 of 75° is often being used.

Fig. 3.1-9

A not too old estimate is that the refraction correction (ARg) can
be obtained with an accuracy which is equal to 1% of the total correction.

Needless to say that with refraction corrections from 2-6 meters,
much research still needs to be done to obtain that‘ {optimistic ?) expecta-

tion of 15 mm.,

3.14 Ephemeris ‘

Up to this point only the fact has been considered that we are able to
recover earth fixed coordinates with high accuracy as long as we know the
position of the satellite.

The orbit of the satellite will deviate from any ideal orbit (ellipse)

due to
1. the irregularities of the earth's gravity field
2. solar pressure
3. earth shine
4, atmospheric drag
5. presence of other celestial bodies

Our knowledge of the quantities (better: the uncertainties of the quanti-
ties) which describe the different force models, will influence the accuracy

with which we can generate satellite orbits, i.e. ephemeries.
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3.14.1 Earth's Gravity Field

Even if we know the satellite's position at Ty (e.g. from simultaneous
range ohservations) the accuracy with which we can compute its position at
To + AT when the actual observation takes place (AT =1 hr, 24 hr.,... ?)
will largely depend on our knowledge of the earth's gravity field.

A method to describe the earth's gravity field is the representation by
gpherical harmonics. Especially, the uncertainties of the spherical harmonic
coefficients will propagate through into the uncertainty of the position of the
gatellite,

Others argue that discussions based on spherical harmonic representa~
tions are misleading (too pessimistic) in that sense that these coefficients
and their standard deviations reflect the total gravity field rather than local
gravity information above which the satellite flies at a particular moment.

Representations by gravity anomalies would more advantageous because
they are available in large amount just in those areas where information

about crust motions is heeded. See further the remarks in seection 3.15

Geopotential Models

The results of laser ranging to LAGECS depend very much on the
success of the mission by the SEASAT and GRAVSAT satellites. They have
to provide more accurage geopotential models. Currently the resolution

. . s s = 40000
of satellite determined models is in the order of 1500 km (m = TFIHT0 = 15).
The wavelength is 3000 km but 1500 km features can be resolved so that

_ 40.000 lm
order (m) = Biyemslution

GRAVSAT is meant to provide a 200 km resolution (which means a
system of (gopsdP-)? = 10.000 unknowns!)

A geopotential model of degree and order 100 and a 10 em geoid

are features which need to be accompanied by big question marks. The

68



fact that the potential field smooths out as the altitude increases, is a
reason for high altitude satellites. Research needs to be done to find re-
lations between altitude and degree/order of the potential coefficients needed
to describe the potential field at those altitudes with such an accuracy that

5 em ephemeries can be obtained.

Resonance

Two types of resonance can be recognized:

A. TFor orbits which have eccentricities and inclinations close to
zero parameters as longitude of the ascending node {3, argu-
ment of perigee w and mean anomaly M start to lose their
significance.

Due to this rather mathematical than physical phenomenon
large perturbations in €, w and M will finally cancel out in
coordinate computations.

B. For orbits of satellites which have secular rates of Q, &, M, 6
close to zero so that the periodic variation of these elements are

more significant than the secular rates.

In general:
(1-2p) @ + (1-2p+q) M +m (£~ 6) w 0 {13)
ex. 1: 1-2p =1
1-2p +q =1
m=1
W+M+-8=0 (14)

note that g=0 and 1-m=2p (i.e. 1-m is even}

ex. 2: 1-2p =1

———————a

1-2p +q =1
W+M-m (- 8) =0 (15)
note that q = 0 and 1-1 = 2p (i.e. 1 is odd) |
Kepler's law: n?a® = k¥*M - ) (16)
a = (ch_m)y’ (17)
n8
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Resonance occurs for those satellites for which the mean motion n
1s equal to m (order) times the rate of rotation of the earth:
n = m.w (18)

Inserting in equation 17 gives:

(- (8)
& =\ mlw?/~\m] 2,

or m = 17 _g&)% (19)
(%
For a satellite of altitude 9000 km we find:
¥
m = 17 ( 6370 ) = 4,55
6370 + 9000

Orbits with altitudes between 5000 and 6500 km have mean motions
(revolutions per day) between 6 and 7.

Correspondingly, mean motions of 6, 7 are resonant with 6th and 7th
order coefficiente respectively.

The altitude which minimizes resonant effects of both the 6th and 7th
order coefficients is around 5900 km for orbits with inclinations of 110°.

The investigation of resonant effects has to be seen in the following
light.

Representation of the earth's gravity field by spherical harmonics is
one of the many possible representations: gravity, anomalies, mass points,
ete.

The spherical harmonic representation involves coefficients of certain
degree (1) and order (m); 1 and m are integers.

As said earlier some resonant effects will depend on the order of po-
tential coefficients. A satellite with mean motion m (i.e. m revolutions a
day) is resonant with the m~th order potential coefficients. That is why
it is suggested to avoid satellite altitudes of 5000 km (7 revolutions a day)

or altitudes of 6500 km (6 revolutions a day), etc.
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From this discussion we can see that nothing else than the value of
integers excludes certain zltitudes, which is as unsatiéfactory as the method
of spherical harmonics itself. As explained in section 4.1.1, 5 cm ephemeries
are needed which can only be obtained by very accurate geopotential models.
Accurate description of these models by spherical harmonics require astro-
nomical amounts of unknowns. For ingstance, a geopotential model that

has a resolution of a half wave length of 20 km needs 40.00(3Z = 1 million

2x20
potential coefficients; in other words, we have to solve (adjust) systems with
that same huge amount of unknowns.

As the observations get progressively more accuraie continuation of
the use of spherical harmonics in the future is perhaps as foolish as the
man who tries to describe a neat mathematical curve as the -pam.bola is, .‘

y = agX®+a,x+as (3 unknowns) by TFourier series, y = 1/2 ap+
(a, sin m\ + bm cos m)) + E, i.e. (n° + 1) unknowns for =
E<107P,

Needless to say that in my opinion for altitude considerations very
low weight should be given to reasons of resonance because it is the result
of shortcomings of spherical harmonics technique, which use has ut least to
be questioned in future geodesy.

i has to be noted that resonant effects can play an important role in
the cases where they may shorten the lifetime of a satellite with consider-
able t.i‘me.

The useful life of LAGEOS is estimated as 20 years.

3.14.2 Solar Pressure
Direct solar photon pressure will produce orbital perturbations with a
period equal to that of the orbit.
At an altitude of 3700 lam it causes accelerations of 120x10™° em/sec®
(force = 0.084 dyne). Due to its well known characteristics perturbations can

be computed to better than 1 cm.
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However, increasing the altitude to 9000 km will cause the perturba-
tione to increase with a factor of 120! , due to:
a. trackibility: the size of the satellite has to be increased for
higher altitudes
b. limitations of the Delta launch vehicle: the mass of the satellite
has to be decreased for higher altitudes.
The result of both effects is a less dense satellite which will cause

higher inereases of perturbations than one would expect (factor 120).

3.14.3 Earth Shine

Unlike direct solar radiation, earthshine is variable in magnitude and
roughly constant in direction relative to the satellite velocity vector. Con-
sequently, the effects on the orbit do not balance out (as solar photon
pressure does in case of near-circular orbits) but tend to be cumulative.
The light reflected by the earth and its thermal radiation will exert forces
that will vary in both intensity and direction as a function of time and ge-
cgraphy (cloud coverage, etc.)

At an altitude of 3700 km it causes accelerations up to 30x107® cm/secg
(variable force up to 0,02 dyne). Perturbations produced by earthshine can
be as large as 40 cm after 24 hours. If the required accuracy is 5 cm for
24 hr arcs, we need

a. a high mass-to-area ratio, which is limited by the capabilities
of the Delta bunch vehicle ‘

b. a large altitude increase, which is also limited by the Delta
bunch vehicle if we want te maintain a constant mass-to-area
ratio

c¢. accurate cloud-cover data from meteorological satellite observa-
tions,

Increasing the altitude to 9000 km will cause the perturbations to

increase with a factor of 15,
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3.14.4 Atmospheric Drag
At an altitude of 3700 km atmospheric drag causes accelerations of
0.01-0.4 x 10~ c¢m/sec® which is negligible small (force=1-40%x10"" dyne).

Higher altitudes will only decrease the effect of atmospheric drag.

3.14.5 Micrometeorites and other celestial bodies
At an altitude of 3700 km impacts of micrometeorites causes accel-
erations of 0.004x10~° cm/sec® which is negligible amall (force:2.4x10"edyne).
The ephemeries of sun/moon/planets are well enough known to compute

their influence on earth satellite with high accuracy.

3.15 Arc Range Measurements (Short Arc Method) and Accuracy Estlmates’

Basically two methods are available:

a, Simultaneous range measurements which fall under the chapter
of geometric satellite geodesy (see Thirteenth Semi-annual Status
Report pp. 80-85)

b. Arc range measuremerts which fall under the chapter of dyn-
amic gsatellite geodesy.

Short arc methods are more feasible because of the absence of simul-
taneous good Weather requirements.

Despite its more realistic value this method has a disadvantage be-
cause the model is not only described by parameters as station and satel-
lite positions (the latter ones can be eliminated), bult has also a large
number of additional parameters.

In cases of the short arc methods these extra parameters are mainly
the potential coefficients of the earth's gravity field and the orbilal para-
meters.

Due to uncertainty of these additional parameters we expect to obtain
lower accuracies for the station coordinates than those obtained by simul-

taneous laser range measurements.
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A study has been conducted of the influence of the altitude of the satel-
lite on siation coordinates in the case of arc range measurements.

The result of this study follow below:

Accuracy Obtainable from Range Arc Observations to Satellites

Measurements: Ranges to satellite r,

Unknowns: Station coordinates X, Y,, Z,
Knowns: Satellite coordinates X;,, Ygy, Zg,
Model: (Xp~X5 )% H(Y,-Y, )+ (Zp-Zg :)211'12

Point of Interest: Var/Covar Matrix of station coordinates

X, Y, Z-»U, V, W where U: radial
V: longitudinal
W: latitudinal

Agsumptions: A. Rotational symmetric gravity field
»e=0 - E:—(}S, =0

B. Var/Covar Matrix of observations is unit
matrix = Ly, = E - var/covar matrix of
station coordinates gives relative standard
deviations (var.'s and covar.'s).

C. only those arcs are cénsidered which give
the hest relative standard deviation in either
radial (u), longitudinal (v) or latitudinal
direction.

D. The observations are made with constant in-
tervals ( 5sec) as long as the satellite was
within the "observable cone" (max. zenith

angle of 75°),

Purpose of case study: Which altitudes of the satellite yields the best
relative standard deviations for the station co-

ordinates,
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Case L Inclination of 90° (Polar Orbit)
Heights: 3750 km

5625 km
7500 lm
Conclusions: Sy Sy Sy
3750 ki 0.068 0.747-0.071 0.127-0.071
5625 km 0.055 0.605-0.058 0.121-0.059
7500 km 0.046 0.522-0.051 0.122-0,051

U: All stations can be determined with equal high accuracy
in radial direction ({here ié always an orbit which
passes the zenith)

V: The accuracies in longitudinal direction depend very
much on:

a) The latitude of the station: the lower the latitude
the worse, eg. H=3750 km-0.071<S, <0.747 which is
a variation up to 90%!.
b) the height of the satellite: The higher the satellite
the better, eg. H=3750 km Sy = 0.557
H=7500 km S, = 0.139

for ¢ = 45°

which is an improvement of 75%!
W: All stations can be determined with almost equal high
accuracy in latitudinal direction
To improve the situation in longitudinal direction the orbit of the satel-

lite is given a certain inclination (110°).

Casell: Inclination of 110° (Retrograde)
Heights: 3750 km
5625 km
7500 km
Conclusions: Sy Sy S
3750 km 0.068-1.366 0.656-0.076 0.257-0.089
5625 km 0.055-1.890 0.513.0.060 0.307-0.067

7500 km 0.046-3.511 0.423-0.052 0.280-0.051
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U: Giving the satellite other than polar orbits will yield limi-
tations for the latitude of stations from which the satellite
can be observedthe higher the satellite the greater the
loss in accuracy for stations in polar regions—eg.

H=7500 km & Sy, Sy, S4 < 0.425 will yield ¢y,y=80°
(see graphs)

V: Although the depencency on latitude and height doesn't
disappear, the inclination of 110° gives an improvement
of about 20%.

W+ Although the accuracy is worsened for statiohs around the
equator, the accuracy of the latitudinal component stays
well within the limits mainly determined by the longitudinal

and radial (max. latitude) components.

Remark: Assumption A turns out to be not too harmful because the irregu-
larities (better: the uncertainties in the irregularities) of the
gravity field can only amplify the general conclusion of this study:

The higher the better.
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From this study it becomes clear that for accurate radial determina-
tions the satellite's zenith angle needs to be as small as possible whereas
for accurate horizontal determinations the satellite needs to be as close as
possible to the local horizon. In other words, horizontal control is best
determined when the satellite is not above the region of interest, so that
geopotential models based on gravity anomalies there do not necessarily
prevail over models based on spherical harmonics. Only in the case of
the accuracy of the radial component a too pessimistic figure may be ob-
tained from the spherical harmonic coefficients,

In general, regarding LLAGEOS, it seems that the big accuracy killers
are:

a, refraction as far as the observations are concerned

b. earthshine (radiation pressure) and gravity field as far as the
ephemeries is concerned.

Of course, the killers are related to the observational method being
used:

1. simultaneous range observations

2. arc (gshort/long) range observations

Group 1 determines relative stgtion positions. Only for this group can
we talk about optimum satellite altitudes which influence the relative posi-
tion of satellites (i.e. the accuracy of their separation) directly. See
Aardoom's "Geometric Accuracy Obtainable from Simultaneous Range Measure-

ments to Satellites' and "Thirteenth Semiannual Status Report, OSURF Project
No. 2514.

Advantage Group 1

~killers of group b. don' play any roll

Disadvantages Group 1

-only very small percentage (<1%?) of observations can be used
- accuracy of station separation is very much altitude dependent

Group 2 determines absolute station positions. The accuracy of the
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of the station determination is only altitude dependent in that sense that
the higher the altitude the better the accuracy of the station positions.

Advantage Group 2

- all observations can be used
- the altitude determines the accuracy of the absolute positions
of station which have only a favorable influence on the separation accuracy.

Digadvantages Group 2

-earthshine and gravity field can have an accuracy destroying influence

(i.e., they influence the length of the arcs)
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3.2 Marine Geodesy

During the current reporting period the basic study of ocean physics
applications (marine geodesy), reported in the last Semiannual Status Re-
port, was further modified. This modification was done by soliciting com-~
ments on this study from scientists of other organizations who are involved
with specific problem areas. The final version of this study, which is
still being modified and updated, will be scon published under Reports of
the Department of Geodetic Sciénce.

A scientific cooperation between the Ohio State University (OSU) and
Battelle Columbus Laboratories was also achieved during this reporting
period. Since its first meeting on May 8, 1974 at OSU, the OSU-Battelle
group met four times. The basic task of this cooperative team ig to e~
tablish and to reconfirm the requirements, both scientific and practical
(users' needs). To achieve this a questionnzire was given to
the participants of the International Symposium on Applications of Marine
Geodesy, Battelle Auditorium, Columbusg, Ohio, June 3-3, 1974. The e-
valuation of the responses to the questionnaire was sent to the participants

for their further information and comments (see enclosures on the next two

pages).

83



uﬁ‘ .
¢ Batielle |
Columbus Laboratories THE OHIO STATE UNIVERSITY

June 14 , 1974

Dear Colleague:

We would like to thank you for your assistance during the
recent symposium on marine geodesy in Columbus, in filling out the
questionnaire on your areas of interest., A summary of the responses
is attached, so you can get some impression of the distribution of
interest indicated by the others who responded. We received completed
questionnaires from about half those attending the conference, so the
results here should be reasonably indicative of the interest of the entire
group.

As you may recall, Battelle and the Ohio State University
are engaged in a joint study of the requirements placed on marine geodesy
' by current and possible future applications. The questionnaires which you
- and the others at the conference filled out, and the Monday evening dis-

cussion session were most helpful to us, as were a number of individual

conversations we had with those attending the meeting. '

In view of the importance of clarifying and documenting the
current and future requirements in marine geodesy for the scientific and
engineering community, we would appreciate receiving at this time, your
specific thoughts and comments, ' '

- Please direct your reply to Professor Mueller at the éddress.
below before August 1, 1974, if possible. :

incerely,' / .
- : /
Ve | a{@géﬂ/
‘Ivan 1. Mueller
Ohio State University

Jrngresall—

A, .Georger Mourad
Battelle Columbus Laboratories

Bepariment of Geodetic Science { 1953 Neit Averrvw [ Columbus, Ohio 43210 / Phome(613) 4226753
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Disgtribution of interests as indicated by responses to the Questionnaire

Application Areas ‘ No.

1. Nawvigation

1.1 General Navigation (Long Range) 29
1.2 Submersible Navigation {Long Range) 17
1.3 Submersible Navigation (Short Range) 20
1.4 Navigation Instrumentation . 23

2. Qcean Resources

2.1 Geophysical Surveys

. (Continental Shelf or Open Ocean) : 24
2.2 Drilling 6
2.3 Pipe Lines 4
2.4 Cable Laying 2
Z.5 Dredging and Mining 8

3. Geodesy and Ocean Physics

3.1 Charting 19
3.2 Mapping of the Ocean (Bottom) 26
- 3.3 Control Stations and Datum Definition 29
3.4 Geoid, Deflection of the Vertical, _
Gravity Anomalies, etc. ' 36
3.5 Calibration Standards, Ground Truth,
Test Ranges, etc 21
3.6 Mean Sea Level, Altimetry, Leveling, etc 31
3.7 Buoy Location : . 13
3.8 Boundary Demarcation and Determiration 20
4., Ecology; Garbage Dump Sites; '""New Land'' Acquisition 3
5. Search and Rescue; Recovery of Submerged
Instrumentation and Objects ' 12
6. Tsunami 3
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4. PERSONNEL

Ivan I. Mueller, Project Supervisor, part time

Daniel McLuskey, Graduate Research Associate, from 10/1/73
Narendra K. Saxena, Research Associate, full time

Tomas Soler, Graduate Research Associate, part time

Muneendra Kumar, Graduate Research Associate, without compensation

5. TRAVEL

Mueller, Ivan L.
Washington, D.C. January 30 - February 1, 1374

To attend workshop oh Mean Sea Level at NGS/NOAA

Mueller, Ivan I.
New Brunswick, Canada May 19 - 25, 1974
International Symposium on the Readjustment of the North American

Datum

Mueller, Ivan L.
Columbus, Ohio June 3 - 5, 1974
International Symposium on Marine Geodesy, Battelle, Columbug, Ohio

Mueller, Ivan I.
Sao Paolo, Brazil; Mexico City, Mexico June 15 - July 12, 1974
To attend the 17th Planetary meeting of COSPAR, Sao Paolo, Bragil
To attend the first Pan American Congress on Geodesy, Mexico City,
Mexico

Saxena, N. K.
Ladolla, California February 5, 1974
Discussions at Scripps Oceanographic Institute with Mr. Peter F.
Worcester and at IGPP with Dra. Myrl Hendershott and Bernard
D. Zetler (see Appendix)

Saxena, N. K.
Pagadena, California February 7, 1974
Discussions at JPL with Drs. Charles Elachi and Alwin W. Newberry,
and at Tetra Tech. with Dr. Li-San Hwang
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6. REPORTS PUBLISHED TO DATE

OSU Department of Geodetic Science Reports published under Grant

No. NSR 36-008-003:

70

71

82

86

87

88

93

The Determination and Distribution of Precise Time
by Hans Ib. Preuss
April, 1966

Proposed Oplical Network for the National Geodetic Satellite Program
by Ivan 1. Mueller
May, 1966

Preprocessing Optical Satellite Observations
by Frank D, Hotter '
April, 1967

Least Squares Adjustment of Satellite Observations for Simultaneous
Directions or Ranges, Part 1 of 3: Formulation of Equations

by Edward J. Krakiwsky and Allen J. Pope

September, 1967

Least Squares Adjustment of Satellite Observations for Simultaneous
Directions or Ranges, Part 2 of 3: Computer Programs

by Edward J. Krakiwsky, George Blaha, Jack M. Ferrier

August, 1968

Least Squares Adjustment of Satellite Observations for Simultaneous
Directions or Ranges, Part 3 of 3: Subroatines

by Edward J. Krakiwsky, Jack Ferrier, James P. Reilly
December, 1967

Data Analysis in Connection with the National Geodetic Satellite Program
by Ivan [. Mueller
November, 1967

OSU Department of Geodetic Science Reports published under Grant

No. NGR 36-008-093:

100

106

Preprocessing Electronic Satellite Observations
by Joseph Gross
March, 1968

Comparison of Astrometric and Photogrammetric Plate Reduction Techniques
for a Wild BC-4 Camera

by Daniel H. Hornbarger

March, 1968
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110 Investigations into the Utilizétion of Passive Satellite Observational Data
by James P. Veach
June, 1968

114 Sequential Least Squares Adjustment of Satellite Triangulation and
Trilateration in Combination with Tervrestrial Data
by Edward J. Krakiwsky
October, 1968

118 The Use of Short Arc Orbital Constraints in the Adjustment of Geodetic
Satellite Data
by Charles R. Schwarz
December, 1968

125 The North American Datum in View of GEOS I Cbservations
by Ivan I. Mueller, James P. Reilly, Charles R. Schwarz
June, 1969

139 Analysis of Latitude Observations for Crustal Movements
by M.G. Arur
June, 1970

140 SECOR Observations in the Pacific
by Ivan I, Mueller, James P, Reilly, Charles R. Schwarz, Georges Blaha
August, 1970

147 Gravity Field Refinement by Satellite to Satellite Doppler Tracking
by Charles R, Schwarz
December, 1970

148 Inner Adjustment Constraints with Emphasis on Range Observations
by Georges Blaha
January, 1971

150 Investigations of Critical Confipurations for Fundamental Range Networks
by Georges Blaha
March, 1971

177 Improvement of a Geodetic Triangulation through Control~Points
Established by Means of Satellite or Precision Traversing
by Narendra K, Saxena
June, 1972

184 Coordinate Transformation by Minimizing Correlations Between Parameters
by Muneendra Kumar '

July, 1972

185 On the Geometric Analysis and Adjustment of Optical Satellite Observations
by Emmanuel Tsimis
August, 1972
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187 Geodetic Satellite Observations in North America (Solution NA-9)
by Ivan I. Mueller, J. P. Reilly and Tomas Scler
September, 1972

188 Free Adjustment of a Geometric Global Satellite Network (Solution
MPS-7)
by Wan I. Mueller and M. C. Whiting
October, 1972

190 The Ohio State University Geometric and Orbital (Adjustment) Program
(OSUGOP) for Satellite Observations
by J. P. Reilly, C. R. Schwarz and M. C. Whiting
December, 1972

191 Critical Configurations (Determinantal Loci) for Range and Range-
Difference Satellite Networks
by E. Tsimis
January, 1973

193 Free'. Geometric Adjustment of the DOC/DOD Cooperative Worldwide
Geodetic Satellite (BC-4) Network
by Wan I. Mueller, M. Kumar, J. Reilly and N. Saxena
February, 1973 : '

195 Free Geometric Adjustment of the Secor Equatorial Network (Solu-
tion SECOR-27)
by Fan I. Mueller, M. Kumar and Tomas Soler
February, 1973

196 Geometric Adjustment of the South American Satellite Densification
(PC-1000) Network
by Wan I. Mueller and M. Kumar
February, 1973

199 Global Satellite Triangulation and Trilateration for the National Geodetic
Satellite Program (Sclutions WN 12, 14 and 16)
by Fan I, Mueller and M. Kumar, J. P. Reilly, N. Saxena, T. Soler
May, 1973

- 89



The following papers were presented at various professional mectings:

"Report on OSU participation in the NGSP"
47th Annual meeting of the AGU, Washington, D. C., April 1966

" Preprocessing Optical Satellite Observational Data"
3rd Meeting of the Western European Satellite Subcommission, JAG, Venice,
Italy, May 1967.

nGlobal Satellite Triangulation and Trilateration"
XIVih General Assembly of the IUGG, Lucerne, Switzerland, September 1967,
{Bulletin Geodesique, March 1968).

"Investigations in Connection with the Geometric Analysis of Geodetic Satellite
mtall
GEQS Program Review Meeting, Washington, D.C., Dec. 1967.

"Comparison of Photogrammetric and Astrometric Data Reduction Results for
the Wild BC-4 Camera"
Conference on Photographic Astrometric Technique,Tampa, Fla., March 1968,

"Geodetic Utilization of Satellite Photography"
7th National Fall Meeting, AGU, San Francisco, Cal., Dec. 19G8.

"Analyzing Passive-Satellite Photography for Geodetic Applications"
4th Meeting of the Western European Satellite Subcommission, IAG, Paris,
Feb. 1969.

"Sequential Least Squares Adjustment of Satellite Trilateration'
50th Annual Meeting of the AGU, Washington, D.C., April 1869.

"The North American Datum in View of GEOS-I Observations"

8th National Fall Meeting of the AGU, San Francisco, Cal., Dec. 1989 and
GEOS-2 Review Meeting, Greenbelt, Md., June 1870 (Bulletin Geodesique,
June 1970).

"Experiments with SECOR Observations on GEOS-I"
GEOS-2 Review Meeting, Greenbelt, Md., June 1970.

"Experiments with Wild BC-4 Photographic Plates"
GEOS-2 Review Meeting, Greenbelt, Md., June 1970.

"Experiments with the Use of Orbital Constiaints in the Case of Satellite Tralls

on Wild BC-4 Photographic Plates"
GEOS-2 Review Meeting, Grecnbelt, Md., June 1970.
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"GEOS-1 SECOR Observations in the Pacific (Solution SP-7)"
National Fall Meeting of the American Geophysical Union, San Francisco,
California, December 7-10, 1970,

"nvestigations of Critical Configurations for Fundamental Range Networks"
Symposium on the Use of Artificial Satellites for Geodesy, Washington, D, C,,
April 15-17, 1971,

"Gravity Field Refinement by Satellite to Satellite Doppler Tracking™
Symposium on the Use of Artificial Satellites for Geodesy, Washington, D.C.,
April 15-17, 1971,

"GEOS-I SECOR Observations in the Pacific (Solution SP-T7)"
Symposium on the Use of Artificial Satellites for Geodesy, Washington, D,C.,
April 15-17, 1971,

"Separating the Secular Motion of the Pole from Continental Drift - Where and -
What to Observe 7"
IAU Symposium No, 48, "Rotation of the Earth, " Morioka, Japan, May 9-15, 1971,

"Geodetic Satellite Observations in North America {Sclution NA-8)"
Annual Fall Meeting of the American Geophysical Union, San Francisco,
California, December 6-9, 1971.

"Scaling the SAO-69 Geometric Solution with C-Band Radar Data {Solution SC 11)"
Anmual Fall Meeting of the American Geophysical Union, San Francisco,
California, December 6-8, 1971.

"The Impact of Computers on Surveying and Mapping"
Annual Meeting of the Permanent Committee, International Federation of Surveyors,
Tel Aviv, Israel, May 1972,

"Investigations on a Possible Improvement of Terrestrial Triangulation by Means
of Super-Control Pointg"

IAG International Symposium - Satellite and Terrestrial Triangulation,

Graz, Austria, June, 1972,

"Free Adjustment of a Geometric Global Satellite Network (Solution MPS7)"
IAG International Symposium - Satellite and Terrestrial Triangulation,
Graz, Austria, June, 1972, :

"Conjugate Gradient Method (Cg-Method) for Geodetic Adjustments™
Annual Fall Meeting of the American Geophysical Union, San Francisco,
California, December 3-6, 1972.
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"Preliminary Results of the Global Satellite Triangulation Helated to the NGSP"
Journees Luxembourgeoises de Geodynamique, ILuxembourg, February 19-21, 1973.

"Present Status of Global Geometric Satellite Triangulation and Trilateration"

54th Annual Spring Meeting of the American Geophysical Union, Washington, D.C.,
April 16-20, 1973.

"Free Geometric Adjustment of the OSU/NGSP Global Network (Solution WN4)"

First International Symposium on the Use of Artificial Satellites for Geodesy
and Geodynamics, Athens, Greece, May 14-21, 1973.

"Earth Parameters from Global Satellite Triangulation and Trilateration"
International Symposium on Earth's Gravitational Field and Secular Variations
in Position, Sydney, Australia, November 26-30, 1973.

"Review of Problems Associated with Geodetic Datumas"
International Symposium on Problems related to the Redefinition of North
American Geodetic Networks, Fredericton, N.B., Canada, May 20-25, 1974.

"Marine Geodesy - Problem Areas and Sclution Concepts"

International Symposium on Application of Marine Geodesy, Battelle Auditorium,
Columbus, ©OChio, June 3-5, 1974.

"Station Coordinates and Geodetic Datum Positions from the National Geodetic
Satellite Program"

First Pan American Congress and the

Third National Congress of Photogrammetry, Photointerpretation and Geodesy,
Mexico City, Mexico, July 7~12, 1974.
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Appendix

" TRIP REPORT OF N. SAXENA

Summary of Discussions at Scripps, JPL and Tetra Tech.

The undersignéd travelled to La Jolla, Califernia for participating
in the Sixth GEOP Research Conference, February 4-5, 1974, and for dis-
cussing certain basic questions related to Ocean Physics Applications Pro-
gram. On February 5 discussions were held in La Jolla with Drs. Myrl
Hendershott and Bernard D. Zetler of IGPP, and with Mr. Peter F.
Worcester of Seripps Oceanographic Institute. On Feb_ruary 7 discussions
were held in Pasadena with Drs. Charles Elachi and Alwin W, Newberry
of JPL, and with Dr. Li-San Hwang of Tetra-Tech, Inc.

The summary of the discussions is given below:

Q.: In your discussions with Dr. Loomis, you mentioned that it had
been the intent of the writers of the Williamstown Report that the
stations on the ocean bottom form a global network with the fun-
damental purpose to tie the geophysical ocean surveys to this
global ocean-bottom network. What should be thé accuracy for

the ocean bottom stations to meet your (oceangraphic) requirements ?

Hendershott:  Somewhere around + 100 m or ever + 500 m would be my
guess. '

Q.:  You mentioned earlier that if tsunami could be detected in the open
ocean, it would be very valuable to the Tsunami Warning System
(TWS), which is practically unsatisfactory as two-thirds or more
of all tsunami warnings are false alarms. Do you still have the
same views?

Zetler: Yes, I believe that the tsunami detection in the open

ocean would be very valuable.
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Zotler:

C~ .

As the tsunami wave height in the open ocean is about 30 em or
so, it should be possible to measure it by the existing water-
pressure sensors (similar to that of Munk). These water-pressure
sensors are reported to be able to measure the change of water
column height above them with an accuracy of £ 1 mm. Could
you explain how these sensors are calibrated, and whether water
column pressure measured above the sensor is of rectangular or
conical water volume?
These sensors could measure the change of water column
height to this high accuracy. We have tested it here.
Recently in an international experiment such sensors were
inter—calibrated; the report of this experiment, still in
the preliminary draft form, will be sent to you soon. The
sensor measures the pressure of a water "cone" whose
base-diameter on the ocean surface could be larger than
2 km for sensor depth of 4 km. Due to this large ocean
surface, the usual ocean surface roughness evens out. Al-
though these sensors cam detect £ 1 mm height changes,

the problem is how to bring this information from ocean
bottom ?

We are only interested to bring up the information regarding the
water column height differences when an earthquake of 6.3 or larger
magnitude occur. The sensor can be programmed (activated) to re-
lay the height difference information either immediately after the
occurence of an earthquake of a certain magnitude and/or when the
height difference reaches a certain value. This information can be
{ransmitted to a surface buoy using sonar waves from where it can
be relayed to TWS center via satellite (probably stationary satellita).
Do you consider this 'approach feasible ? Does any research effort

exist to solve this problem ?
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Zetler:  Your approach is feasible. As a matter of fact, Frank
Snodgrass (IGPP) is working to develop a system to bring
up the information from the ocean hottom. k& is a pity that
he can not be reached today for discussions. Also Gaylord
Miller (NOAA, Honolulu) is working on similar problems
in deep oceans. R will be worthwhile to visit the TWS
Center in Honolulu and discuss with Miller, ﬁ'hose ideas

come very close to yours.

Q.: As the harmless tsunami waves of the deep ocean can build up to
desfruetive heights on the coast due to the near-coast ocean bottom
topography (which includes the coastal slopes, continental shelves,
the U- and V- shaped inlet etc.), will the additional ocean bhottom
transponders on the continental slope/continental shelf be significant-
ly useful? What will be the affect of sedimentation on these transponders?

Zetler: Yes, it will be. There will not be much effect of sedimen-

' tation. In any case, these transponders in continental shelf
area can be used with a tripod. The problem will not be
sedimentation but whether these can remain undisturbed by
fishing equipment. E will be useful to study thel‘ fishing

methods in the coastal areas of interest.

Remarksg: I summarized my views regarding the configuration of ocean-
bottom transponders, their emplacement technigue, the achievable accuracy

of these transponders and problem areas which can be solved by theam. After
this summary, Zetler suggested to me to meet Walter Munk; for this meeting
Zetler would contact Munk in the hospital. In the afterncon Zetler informed
me that Mupk sends h'is Tegrets as he is fully committed”fo:‘r the ne$1 two
days, but suggested to meet Peter Worcester of his group. Zetler arranged
a meeting with Worcester, who is working on the problem to determine (i)
the velocity and direction of currents in SOFAR Layer, and (ii) the sound

propagatioﬁ in SOFAR. For this study the position of the buoy in SOFAR
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layer should be known to £ 1 m accuracy (This is obviously relative posi-
tional acecuracy.). Worcester agrees that this is possible only with the
help of the ocean bottom comtrol-net in that regional area. However this
regional net should be connected to a geodetic datum if in the future simi-
lar experiments are to be conducted, so that the entire operation, which
is performed in pieces, can be connected to a unified system.

| On February 7, I had an appointment with Alden A. Loomis of
JPL. Due to his sudden change of schedule, discussions wére held with
Charles Elachi and Alwin W. Newberry. Due to the nature of discussion’
reléted to undérwater research, Newberry mentioned that these problems
could be discussed only by Loomis, and suggested that Loomis will contact
me soon after his return, and eventually make a stop in Columbus for dis-
cussions on his next eastbound trip.

Elachi, who is an applied physicist, mentioned that the ocean-bottom
topography could be "mapped'" probably by sonar holography. However, he
could not elaborate his statement further.

In the afternoon of February 7 discussions were held with Li-San
Hwang of Tetra Tech., who is involved with tsunami research and tsunami
effect on coastal areas. According to Hwang, observation of tsupami irn
the deep ocean is of vital importance for understanding the tsunami behaviour
(characteristics) as in coastal areas they are effected by bottom topography.Q
He did agree that the pressure sensors could be used for precise measure-
ments. Hwang is more concerned about the coastal area damage by tsui:ami,
specially when in the continental shelf areas oil explorations and site search

for Nuclear power plant at Diabra (West Coast) are conducted.

?\\ _ {J (’j\:,gbk}\\b-

Narendra K. Saxena
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